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TITLE OF THE INVENTION 

APPARATUS TO GENERATE A BIT CLOCK AND A METHOD OF GENERATING THE BIT 

CLOCK 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority benefit of Korean Patent Application No. 2003- 
4098, filed on January 21, 2003 in the Korean Intellectual Property Office, the disclosure of 
which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to an apparatus which generates a bit clock and a 
method of generating the bit clock, and more particularly, to an apparatus which generates a bit 
clock synchronized with digital data generated by a digital data generating system and a method 
of generating the same. 

2. Description of the Related Art 

[0003] A system that generates digital data, such as a disk driver, generates a bit clock 
synchronized with the digital data generated thereby and uses the generated bit clock for 
internal signal processing. For example, the disk driver generates the bit clock synchronized 
with the digital data and uses the generated bit clock for a decoding operation. 

[0004] However, in a conventional apparatus to generate the bit clock the digital data having 
an error is not considered. Thus, if the digital data has the error, the generated bit clock also 
can include the error. 

[0005] For example, in the case of the disk drive, if scratches, fingerprints, or dust are on a 
disk, data reproduced from the disk may include the error. If the generated bit clock includes 
the error due to the generation of the reproduced data having the error, a reproduced signal 
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from the disc drive may include the error, even after a decoder included in the disk drive 
performs error correction on the reproduced data having the error. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an apparatus and a method, which accurately 
generate a bit clock that is synchronized with digital data generated in a digital data generating 
system. 

[0007] The present invention also provides an apparatus and a method, which accurately 
generate a bit clock that is synchronized with digital data, even if the digital data generated in a 
digital data generating system includes an error. 

[0008] The present invention also provides an apparatus which generates a bit clock and a 
method of generating the bit clock, which accurately generates the bit clock that is synchronized 
with digital data, even if the digital data reproduced from a disc in a disk drive includes an error. 

[0009] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0010] According to one aspect of the present invention, there is provided an apparatus, 
which generates a bit clock synchronized with a digital signal. The apparatus includes edge 
detecting unit, a first edge counter, a second edge counter, a first counter, and a bit clock 
generating unit. The edge detecting unit detects edges of the digital signal. The first edge 
counter counts a number of the detected edges during a first period. The second edge counter 
counts the number of the detected edges during a second period. The first counter is reset and 
counts the number of the edges of a system clock if one of the edges is detected during the first 
period. The bit clock generating unit generates the bit clock based on the counted number of 
the first counter or at a channel bit interval, if the counted number of one of the first edge 
counter and second edge counter is equal to a first predetermined value. 

[0011] According to another aspect of the present invention, there is provided an apparatus, 
which generates a bit clock synchronized with digital data reproduced from a disc in a disk drive. 
The apparatus includes an edge detecting unit, a first edge counter, a second edge counter, a 
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first counter, and a bit clock generating unit. The edge detecting unit detects edges of the digital 
data. The first edge counter counts a number of the edges detected during a first period after a 
first edge is detected by the edge detecting unit. The second edge counter counts the number 
of the edges detected during a second period, after the first edge is detected and the edges are 
detected during a period other than the first period. The first counter is reset and counts a 
system clock if the edges are detected during the first period. The bit clock generating unit 
generates the bit clock based on count values of the first counter and a channel bit interval, if 
the count value of the first counter and the second counter is equal to a first predetermined 
value, and a state of the apparatus is set as the bit clock lock state. 

[0012] According to an aspect of the present invention, there is further provided a disk driver 
having a disk includes a pick-up unit picking up data from the disk and outputting a high 
frequency signal. A radio frequency (RF) amplifying unit amplifies the high frequency signal to a 
predetermined level. A digital signal processor (DSP) receives the amplified signal to the 
amplified high frequency signal into a digital signal. A digital filter filters the noise from the 
digital signal and a decoder decodes the filtered digital signal in synchronization for an input bit 
clock with error correction on the filtered digital signal. A bit clock generation apparatus 
includes an edge detecting unit detecting edges of the digital signal, a first edge counter 
counting a number of the detected edges during a first period, a second edge counter counting 
the number of the detected edges during a second period, a first counter counting a system 
clock if the edges are detected during the first period, and a bit clock generating unit generating 
the bit clock based on a count value of the first counter or at a channel bit interval, if one of the 
counts of the first edge counter and second edge counter is equal to a first predetermined value. 

[0013] According to still another aspect of the present invention, there is provided a method 
of generating a bit clock in a digital data generating system. The method includes detecting 
edges of a digital signal, creating a first edge count value by counting a number of the edges 
detected during a first period, creating a second edge count value by counting the number of the 
edges detected during a second period, setting a state of the digital data generating system as 
a bit clock lock state when the first edge count value or the second edge count value is equal to 
a first predetermined value, and generating the bit clock using a channel bit interval and a first 
count value, wherein the first count value is reset and generated by counting a system clock 
every time the edges are detected during the first period in the bit clock lock state. 
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[0014] According to yet another aspect of the present invention, there is provided a method 
of generating a bit clock synchronized with a digital signal generated in a digital data generating 
system. The method includes generating the bit clock by a channel bit interval in a bit clock 
unlock state, converting the bit clock unlock state into a bit clock lock ready state if a first edge 
of the digital signal is detected, generating a first edge count value by counting a number of 
edges detected during a first period in the bit clock lock ready state, generating a second edge 
count value by counting the number of the edges detected during a second period in the bit 
clock lock ready state, converting the bit clock lock ready state into a bit clock lock state when 
the first edge count value or the second edge count value is equal to a first predetermined 
value, and generating the bit clock based on one of a first count value, wherein the first count 
value is reset and generated by counting a system clock every time one of the edges is 
detected during the first period in the bit clock lock state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and/or other aspects and advantages of the present invention will become 
more apparent by describing in detail exemplary aspects thereof with reference to the attached 
drawings in which: 

FIG. 1 is a functional block diagram of an apparatus generating a bit clock, according to 
an aspect of the present invention; 

FIG. 2 is a state diagram of the apparatus generating the bit clock, which is managed by 
a state managing unit of FIG. 1; 

FIG. 3 is a timing diagram of the apparatus generating the bit clock of FIG. 1 in a bit 
clock unlock state; 

FIG. 4 is a timing diagram of the apparatus generating the bit clock of FIG. 1 in a bit 
clock lock ready state; 

FIG. 5 is a timing diagram of the apparatus generating the bit clock of FIG. 1 in a bit 
clock lock state; 

FIG. 6 is a block diagram of a disc drive having the apparatus generating the bit clock, 
according to an aspect of the present invention; and 

FIGS. 7A and 7B are flowcharts illustrating a method of generating the bit clock, 
according to an aspect of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] Reference will now be made in detail to the aspects of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The aspects are described below to explain the 
present invention by referring to the figures. 

[0017] Referring to FIG. 1 , an apparatus generating a bit clock, according to an aspect of the 
present invention, includes a state managing unit 101, an edge detecting unit 102, a first 
counter 103, a first window signal generating unit 104, a first edge counter 105, a second 
counter 106, a second window signal generating unit 107, a second edge counter 108, and a bit 
clock generating unit 109. 

[0018] The state managing unit 101 sets a current state of the apparatus generating the bit 
clock based on results of monitoring outputs of the edge detecting unit 102, the first counter 
103, the second counter 106, the first edge counter 105, and the second edge counter 108 and 
notifies the first counter 103, the first window signal generating unit 104, the first edge counter 
105, the second counter 106, the second window signal generating unit 107, the second edge 
counter 108, and the bit clock generating unit 109 of the set current state. The state of the 
apparatus generating the bit clock may be set to a bit clock unlock state, a bit clock lock ready 
state, or a bit clock lock state, in accordance with an aspect of the present invention. 

[0019] As shown in FIG. 2, when the state of the apparatus generating the bit clock is in a bit 
clock unlock state 201 , if at least one edge is not detected by the edge detecting unit 102 
(detected edge=0), the state managing unit 101 maintains the bit clock unlock state 201. 

[0020] However, when the state of the apparatus generating the bit clock is in the bit clock 
unlock state 201, if the at least one of the edges is detected by the edge detecting unit 102 
(detected edge=1), the state managing unit 101 converts the bit clock unlock state 201 into a bit 
clock lock ready state 202. 

[0021] In the bit clock lock ready state 202, if count values of the first and second counters 
103 and 106 are respectively less than a predetermined value N1 and the count values of the 
first and second edge counters 105 and 108 are respectively less than a predetermined value 
N2, the state managing unit 101 maintains the bit clock lock ready state 202. 
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[0022] In the bit clock lock ready state 202, however, if the count value of the first counter 
103 or the second counter 106 is equal to the predetermined value N1 , the state managing unit 
101 converts the bit clock lock ready state 202 into the bit clock unlock state 201 . In the bit 
clock lock ready state 202, if the count value of the first edge counter 105 or the second edge 
counter 108 is equal to the predetermined value N2, the state managing unit 101 converts the 
bit clock lock ready state 202 into the bit clock lock state 203. 

[0023] In the bit clock lock state 203, if the count value of the first counter 103 is less than a 
predetermined value N3, the state managing unit 101 maintains the bit clock lock state 203. 
However, if the count value of the first counter 103 is equal to the predetermined value N3, the 
state managing unit 101 converts the bit clock lock state 203 into the bit clock unlock state 201. 
The predetermined values N1 and N3 may be different from or similar to each other. 

[0024] In the bit clock unlock state 201 , the apparatus generating the bit clock of FIG. 1 
operates the state managing unit 101, the edge detecting unit 102, the first counter 103, and the 
bit clock generating unit 109, such that the bit clock is generated. 

[0025] More specifically, the edge detecting unit 102 detects edges of an input digital signal. 
The edge detecting unit 102 detects either falling edges or rising edges of the input digital 
signal. For example, if the edge detecting unit 102 is set to detect the falling edges, the edge 
detecting unit 102 detects the falling edges of the input digital signal. In the same manner, if the 
edge detecting unit 102 is set to detect the rising edges, the edge detecting unit 102 detects the 
rising edges of the input digital signal. 

[0026] If the edges of the input digital signal are not detected by the edge detecting unit 102, 
the state managing unit 101 maintains the bit clock unlock state 201. 

[0027] In the bit clock unlock state 201 , the first counter 103 is reset by a channel bit interval 
(or a channel bit unit) and counts the system clock. 

[0028] In the bit clock unlock state 201 , the bit clock generating unit 1 09 generates the bit 
clock as shown in FIG. 3. That is, while the edges of the input digital signal have not been 
detected by the edge detecting unit 102, the bit clock generating unit 109 generates the bit clock 
every time the first counter 103 is reset by a channel bit interval. 
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[0029] In the bit clock unlock state 201 , if one of the edges of the input digital signal is 
detected by the edge detecting unit 102 for the first time, the state managing unit 101 converts 
the bit clock unlock state 201 into the bit clock lock ready state 202. The first counter 103 is 
reset in synchronization with the detected edges and counts the system clock. 

[0030] In the bit clock lock ready state 202, the first counter 103 is not reset by the channel 
bit interval. Instead, the first counter 103 is reset if the edges are detected within a first window 
signal period. A first window signal is generated by the first window signal generating unit 104 
based on the count value of the first counter 103. 

[0031] The first window signal generating unit 104 generates the first window signal based on 
the count value of the first counter 103 as shown in FIG. 4. The first window signal period may 
be determined based on a minimum T of the input digital signal. In FIG. 4, the minimum T of the 
input digital signal is 2T. Thus, the first window signal is not generated at a first T, but generated 
at a second T, after the first counter 103 is reset. As such, if the edges are not detected during 
the first window signal period, the bit clock generating unit 109 generates the bit clock by the 
channel bit interval as shown in FIG. 4. 

[0032] However, if the edges are detected during the first window signal period, the first 
counter 103 is reset as shown in FIG. 4. Thus, a logic state of the first window signal is 
changed, as indicated by a point 401 of FIG. 4, and the bit clock generating unit 109 generates 
the bit clock irrespective of the channel bit interval. 

[0033] The first edge counter 105 increments a count value by 1 every time one of the edges 
is detected by the edge detecting unit 102 during the first window signal period. The count 
value of the first edge counter 105 is provided to the state managing unit 101. 

[0034] After the first edge used to reset the first counter 1 03 is detected, if one of the edges 
is detected for the first time during a period other than a first period, the second counter 106 is 
reset in synchronization with the detected edge and counts the system clock. Thus, the second 
counter 106 receives a signal indicating whether one of the edges is detected or not and the first 
window signal from the edge detecting unit 102 and the first window signal generating unit 104, 
respectively. As such, the second counter 106 is reset at a point 402 of FIG. 4. 
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[0035] The second window signal generating unit 107 generates a second window signal 
based on a count value of the second counter 106 in the same manner as the first window 
signal generating unit 104. Thus, the second window signal is generated as shown in FIG. 4. 

[0036] If the edges are detected during a second window signal period in which the second 
window signal is generated by the second window signal generating unit 107, the second 
counter 106 is reset in synchronization with the detected edges and counts the system clock. 
Thus, the logic state of the second window signal is changed, as indicated by a point 403 of 
FIG. 4. Thus, the second counter 106 receives the second window signal generated by the 
second signal window generating unit 107. 

[0037] The second edge counter 108 increments a count value by 1 every time one of the 
edges is detected by the edge detecting unit 102 during the second window signal period. 

[0038] In the bit clock lock ready state 202 of the apparatus, which generates the bit clock of 
FIG. 1, the state managing unit 101, the edge detecting unit 102, the first counter 103, the first 
window signal generating unit 104, the first edge counter 105, the second edge counter 106, the 
second window signal generating unit 107, the second edge counter 108, and the bit clock 
generating unit 109 operate as described above. In addition, the bit clock generating unit 109 
generates the bit clock every time the first counter 103 is reset. If the first counter 103 is not 
reset, the bit clock generating unit 109 generates the bit clock during the channel bit interval. In 
other words, the bit clock generating unit 109 gives priority to the count value of the first counter 
103 over the channel bit interval. 

[0039] In the bit clock lock ready state 202, the state managing unit 101 monitors the count 
values of the first and second edge counters 105 and 108. If the count value of the first edge 
counter 105 or the second edge counter 108 is equal to the predetermined value N2, the state 
managing unit 101 converts the bit clock lock ready state 202 into the bit clock lock state 203. 

[0040] That is, as shown in FIG. 5, if the count value of the first edge counter 105, which is 
increased by 1 every time one of the edges is detected during the first window signal period, is 
equal to the predetermined value N2, the state managing unit 101 converts the bit clock lock 
ready state 202 into the bit clock lock state 203. 
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[0041] In the bit clock lock ready state 202, if the edges have not been detected during the 
first window signal period and the count value of the first counter 103 is equal to the 
predetermined value N1, or if the edges have not been detected during the second window 
signal period and the count value of the second counter 106 is equal to the predetermined value 
N1, the state managing unit 101 converts the bit clock lock ready state 202 into the bit clock 
unlock state 201. 

[0042] In the bit clock lock state 203, the first counter 1 03 is reset every time one of the 
edges is detected during the first window signal period, in the same manner as in the bit clock 
lock ready state 202. 

[0043] The bit clock generating unit 109 generates the bit clock based on the count value of 
the first counter 103 or the channel bit interval. That is, in the same manner as in the bit clock 
lock ready state 202, the bit clock generating unit 109 generates the bit clock every time the first 
counter 103 is'reset and/or by using the channel bit interval during the counting period of the 
first counter 103. The bit clock generating unit 109 gives priority to the count value of the first 
counter 103 over the channel bit interval in the bit clock lock state 203. 

[0044] In the bit clock lock state 203 of the apparatus that generates the bit clock, the state 
managing unit 101 , the edge detecting unit 102, the first counter 103, and the first window signal 
generating unit 104 operate as described above. 

[0045] As such, the apparatus that generates the bit clock of FIG. 1 disregards the edges 
detected during the periods other than the first and second window signal periods. 

[0046] FIG. 6 shows an example of a disk driver having a bit clock generation apparatus 607, 
according to an aspect of the present invention. 

[0047] A system control unit 608 controls a servo unit 609, such that the servo unit 609 
controls a motor 610 rotating a disk 601 and a pick-up unit 602. The pick-up unit 602 picks up 
data from the disk 610 and outputs a high-frequency signal. 

[0048] A radio frequency (RF) amplifying unit 603 amplifies the high frequency signal output 
from the pick-up unit 602 to a predetermined level and outputs the amplified signal to a digital 
signal processor (DSP) 604. The DSP 604 converts the amplified high frequency signal into a 
digital signal. A digital filter 605 filters the noise from the digital signal. A decoder 606 decodes 
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the filtered digital signal in synchronization for an input bit clock with error correction on the 
filtered digital signal. 

[0049] The bit clock generation apparatus 607 is configured as shown in FIG. 1 . If the 
system control unit 608 includes functions of the state managing unit 101 of FIG. 1, the bit clock 
generation apparatus 607 may exclude the state managing unit 101. 

[0050] As such, even if the data reproduced from the disk 601 , which may include scratches, 
fingerprints, or dust thereon, includes an error, the disk drive can accurately and safely generate 
the bit clock through the bit clock generation apparatus 607. Thus, the decoder 606 can 
decrease overhead of the error correction on the reproduced data having the error. 

[0051] FIGS. 7A and 7B are flowcharts illustrating a method of generating the bit clock signal, 
according to an aspect of the present invention. 

[0052] If the digital signal is input to the bit clock generation apparatus 607, at operation 701 , 
the bit clock generation apparatus 607 determines whether the edges of the input digital signal 
is detected. If it is determined that the edges have not been detected, at operation 702, the 
state of the bit clock generation apparatus 607 is set to the bit clock unlock state. At operation 
703, the bit clock generation apparatus 607 resets the first counter 103 by the channel bit 
interval and generates the bit clock. 

[0053] At operation 704, the bit clock generation apparatus 607 determines whether the 
edges have not been detected. If it is determined that the edges have not been detected, the bit 
clock generation apparatus 607 goes back to operation 703 and generates the bit clock by the 
channel bit interval. 

[0054] However, if it is determined that the edges of the input digital signal is detected at 
operation 701 or operation 704, at operation 705, the bit clock generation apparatus 607 sets 
the bit clock unlock state to the bit clock lock ready state. 

[0055] Thus, at operation 706, the bit clock generation apparatus 607 resets the first counter 
103. At operation 707, the first counter 103 counts the system clock. 

[0056] At operation 708, the bit clock generation apparatus 607 generates the first window 
signal based on the count value of the first counter 103 and generates the bit clock based on 
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the channel bit interval and the count value of the first counter 103. Here, the bit clock 
generation apparatus 607 gives priority to the count value of the first counter 103 over the 
channel bit interval. 

[0057] At operation 709, the bit clock generation apparatus 607 determines whether another 
of the edges of the input digital signal is detected. If it is determined that another of the edges 
has not been detected at operation 709, at operation 710, the bit clock generation apparatus 
607 determines whether the count value of the first counter 103 is less than the predetermined 
value N1 . If it is determined that the count value of the first counter 103 is less than the 
predetermined value N1 , the bit clock generation apparatus 607 goes back to operation 709. 

[0058] However, at operation 710, if it is determined that the count value of the first counter 
103 is not less than the predetermined value N1, the bit clock generation apparatus 607 goes 
back to operation 702. 

[0059] At operation 709, if it is determined that the edges is detected, at operation 711, the 
bit clock generation apparatus 607 determines whether one of the edges is detected during the 
first window signal period. If it is determined that the edges are detected during the first window 
signal period, at operation 712, the bit clock generation apparatus 607 resets the first counter 
103 and counts the number of the detected edges by the first edge counter 105. 

[0060] At operation 713, the bit clock generation apparatus 607 determines whether the 
count value of the first edge counter 105 is less than the predetermined value N2. If the count 
value of the first edge counter 105 is not less than the predetermined value N2, at operation 
714, the bit clock generation apparatus 607 converts the bit clock lock ready state into the bit 
clock lock state. 

[0061] At operation 713, if the count value of the first edge counter 105 is less than the 
predetermined value N2, the bit clock generation apparatus 607 proceeds to operation 718. 

[0062] At operation 711, if it is determined that the edges are detected during a period other 
than the first window signal period, at operation 715, the bit clock generation apparatus 607 
determines whether the second window signal is generated. If it is determined that the second 
window signal has not been generated, at operation 716, the bit clock generation apparatus 607 
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resets the second counter 106 and, at operation 717, the bit clock generation apparatus 607 
generates the second window signal based on the count value of the second counter 106. 

[0063] At operation 718, the apparatus that generates the bit clock determines whether the 
edges are detected. If it is determined that the edges have not been detected, at operation 719, 
the bit clock generation apparatus 607 determines whether the count value of the first counter 
103 or second counter 106 is less than the predetermined value N1 . If it is determined that the 
count values of the first counter 103 and the second counter 106 are not less than the 
predetermined value N1 , the bit clock generation apparatus 607 goes back to operation 702. 

[0064] However, at operation 719, if it is determined that the count value of the first counter 
103 or second counter 106 is less than the predetermined value N1, the bit clock generation 
apparatus 607 goes back to operation 718. 

[0065] At operation 715, if it is determined that the second window signal is generated at 
operation 720, the apparatus that generates the bit clock signal 607 determines whether the 
edges are detected during the second window signal period. If it is determined that the edges 
are detected during the period other than the second window signal period, the bit clock 
generation apparatus 607 disregards the edges detected at operation 721 and goes back to 
operation 709. 

[0066] However, if it is determined that the edges are detected during the second window 
signal period, at operation 722, the bit clock generation apparatus 607 resets the second 
counter 106 and the second edge counter 108 counts the number of the detected edges by the 
second edge counter 108. At operation 723, the bit clock generation apparatus 607 determines 
whether the count value of the second edge counter 108 is less than the predetermined value 
N2. If it is determined that the count value of the second edge counter 108 is less than the 
predetermined value N2, the bit clock generation apparatus 607 proceeds to operation 718. 

[0067] However, at operation 723, if it is determined that the count value of the second edge 
counter 108 is not less than the predetermined value N2, the bit clock generation apparatus 607 
proceeds to operation 714 and converts the bit clock lock ready state to the bit clock lock state. 

[0068] After the bit clock generation apparatus 607 is set as the bit clock lock state, at 
operation 724, the bit clock generation apparatus 607 generates the bit clock based on the 
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channel bit interval or the count value of the first counter 103. Here, the bit clock generation 
apparatus 607 gives priority to the count value of the first counter 103 over the channel bit 
interval. 

[0069] At operation 725, if it is determined that the edges have not been detected, at 
operation 729, the bit clock generation apparatus 607 determines whether the count value of the 
first counter 103 is less than the predetermined value N3. If it is determined that the count value 
of the first counter 103 is less than the predetermined value N3, the bit clock generation 
apparatus 607 proceeds to operation 725. However, if the count value of the first counter 103 is 
not less than the predetermined value N3, the bit clock generation apparatus 607 goes back to 
operation 702. 

[0070] If it is determined that the edges are detected in operation 725, at operation 726, the 
bit clock generation apparatus 607 determines whether the edges are detected during the first 
window signal period. At operation 726, if it is determined that the edges are detected during a 
period other than the first window signal period, the bit clock generation apparatus 607 
disregards the detected edges at operation 727 and goes back to operation 725. 

[0071] However, if it is determined that the edges are detected during the first window signal 
in step 726, the bit clock generation apparatus 607 resets the first counter 103 at operation 728, 
proceeds to operation 724, and generates the bit clock. 

[0072] The predetermined values N1 , N2, and N3 are determined in a system designing 
process. 

[0073] According to an aspect of the present invention, it is possible to accurately generate a 
bit clock in synchronization with digital data by detecting edges of digital signals using a plurality 
of window signals. Thus, a system can accurately and safely perform internal signal processing 
by using the generated bit clock. 

[0074] Although a few aspects of the present invention have been shown and described, it 
would be appreciated by those skilled in the art that changes may be made in this aspect 
without departing from the principles and spirit of the invention, the scope of which is defined in 
the claims and their equivalents. 
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